This paper explores the perceived relationship between household poverty and forest dependence among the poorest residents neighboring Volcanoes National Park in Rwanda. Using the sustainable livelihoods framework, this paper examines the influence of household poverty on forest dependence. The findings reveal that food and health security risks are primary drivers of forest dependence. Education security risks however, were found to have an indirect influence. Both food and health security risks were found to have equal influence on forest dependence. The economic security risks traditionally believed to significantly influence forest dependence were not found to have a direct influence.
Introduction
The relationship between poverty and forest dependence has been explored extensively [1] - [13] . However, evidence exists of knowledge gap and need for more identification of the links between poverty and forest dependence [7] [14] . This knowledge gap has been attributed to two main problems. First, poverty and forest depen-I. E. Munanura et al. 1032 dence are both complex concepts to conceptualize [14] - [16] . Secondly, attempts to explore the relationship between poverty and forest dependence have been unsystematic [9] [17] . Evidence exists that due to conceptualization complexities, the relationship between poverty and forest dependence must be systematically examined using robust and reliable techniques that can enable replication and comparison [10] [17] . Most studies that have attempted to examine the relationship between poverty and forest dependence have primarily relied on quantifiable measures of poverty [4] [18]- [20] . However as reference [16] suggests, many aspects of poverty are not captured by quantifiable income and consumption variables. Overreliance on such quantifiable measures has led to only a partial understanding of the relationship between poverty and forest dependence. It has been posited that in fact, it is the unquantifiable measures of poverty that significantly drive forest dependence and biodiversity loss [2] [10] .
The sustainable livelihoods (SL) approach commonly used as a framework to conceptualize poverty in international development provides us with a more holistic conceptualization of poverty [21] - [24] . It allows us to view poverty broadly, by considering its quantifiable and unquantifiable measures framed within the intrahousehold living conditions [21] - [24] . SL framework is emerging as a systematic approach to study the relationship between forest dependence and poverty [2] [5] [25] [26] . In this paper, we use SL as a theoretical framework and the validated household poverty and forest dependence (HPFD) Index to identify household poverty dimensions that influence forest dependence at Volcanoes National Park (VNP) in Rwanda. Since forest dependence represents multiple meaning at varying scales [15] , it is by definition in this study, limited to the use of forest resources by local residents for subsistence needs. The unit of analysis is limited to the household level because it is viewed as the basic unit of production and where the most important family decisions are made [17] .
This study was carried out at VNP in Rwanda for two main reasons. First, VNP is one of the three parks in the world that is inhabited by mountain gorillas, one of the most endangered species in the wild, and whose habitat is threatened by forest dependence [27] - [29] . There are only 380 remaining mountain gorillas in the Virunga Volcanoes [30] , and their habitats, such as VNP, must be protected to avoid extinction. Second, there are many community enterprise and poverty alleviation programs at VNP aimed at addressing the forest dependency problem. However, their conservation impact has been challenged [27] [28] . In fact, similar programs in the form of Integrated Conservation and Development programs aimed at addressing poverty to reduce biodiversity loss have not been successful [31] - [34] . With the use of the HPFD Index grounded in the SL framework, this study presents a unique opportunity to identify dimensions of household poverty among residents in proximity to VNP, from which effective forest dependence and biodiversity loss remedial actions can be proposed.
The goal of this paper therefore was to examine and reveal the dimensions of household poverty perceived to influence forest dependence among poor residents neighboring VNP in Rwanda to inform conservation policy. Two key objectives are of interest. First, this paper aims to determine the dimensions of household poverty perceived to influence forest dependence by the poor households neighboring VNP. It further examines the perceived dimensions of household poverty with greater influence on forest dependence.
Literature Review

Sustainable Livelihoods Framework and the Poverty Concept
Poverty is a complex and multidimensional concept [16] Some authors have defined and viewed it from an economic perspective [9] [35] [36] while others have defined it from the wellbeing perspective [21] [24] . In fact, evidence exists to support the use of both perspectives in defining and measuring poverty [1] [2] .
Traditionally, poverty has been conceptualized as having insufficient income to meet the basic needs of a household [36] . It is not surprising that the definition and measurement of poverty has been largely limited to income, wealth, and consumption [2] . However, these measures of poverty are biased towards urban conditions and explain little about the realities of the rural poor [37] . From the perspective of a rural and remote areas of a developing country, poverty is a complex, dynamic, and multidimensional construct involving material deprivation, lack of access to basic needs, and social inequality [16] [37] . To understand poverty, there is a need to move beyond macroeconomic measures such as income, which are more applicable at a national, rather than a village or household levels.
The literature suggests that through the SL framework, poverty can be better understood from a household perspective [3] [12] [38] . Chambers' work on sustainable livelihoods in the mid-1980s has generated debate over the years on the construction of poverty from a household perspective [16] [21] [24] [39] . This debate has significantly advanced the conceptualization of poverty from an income and/or assets-based phenomenon to a multidimensional concept of sustainable livelihoods encompassing, not just income, but also the capabilities of a household to maintain means of living. The SL approach, therefore, has evolved as a framework through which poverty can be better understood [21] . One of its key attributes is that it adds unquantifiable or non-material aspects of a household's or an individual's wellbeing to the poverty definition [2] [21].
Reference [19] defined livelihood as a means of making a living, comprised of capabilities, assets, and resources used in daily activities. It has become an important approach for defining poverty, because of its emphasis on the means of maintaining a living, which allows for a broader definition of poverty [13] . The sustainable livelihoods' framework, as defined above, has been further operationalized and widely applied in poverty alleviation discussions and intervention in developing countries. For example, CARE international has developed a Human Livelihood Security (HLS) Index to measure poverty for humanitarian and development intervention [39] . CARE's HLS framework takes a multidimensional approach to measure livelihood security through indicators such as food security, health security, education security, economic security, and empowerment [39] . Oxfam has also operationalized the concept of sustainable livelihood from economic, social, institutional, and ecological perspectives [38] . While there are operational variations, the underlying multidimensional outcomes of SL, such as food, health, education and economic security, are commonly agreed upon. In this paper, we use these multiple dimensions and their validated measures from the HPFD Index.
Forest Dependence Construct
Residents neighboring parks in developing countries have historically depended on forest resources for livelihoods in times of scarcity [4] [10] [20] . Forested areas, especially those in the tropics, provide multiple benefits, such as exploitation of the resources for commercial purposes, tourism services, harvests of non-timber forest products (NTFPs), harvests for subsistence livelihood needs, and ecological services [15] [41] [42] . For most poor households in proximity to forested areas, the forests harbor resources from which they derive their subsistence livelihoods [6] . For example, they hunt for meat and harvest resources such as wood, NTFPs, and medicinal plants for both household use and income [10] [11] [18] . In countries like Rwanda, with high population density and limited farmland, households adjacent to forests commonly rely on forest resources to supplement their livelihoods [4] . In some cases, it is the only source of livelihood for those households that have no farmland [27] .
While such forest-based livelihoods are important to the poor and vulnerable, they also are believed to be the primary drivers of biodiversity loss in developing countries [4] [18] [43] . In most developing countries, such forest dependent activities have become a source of conflict between local communities and government officials responsible for conservation [32] [42] . These conflicts are inevitable because dependence on forest resources is unsustainable in the face of increasing biodiversity loss in developing countries [8] . For this reason, forest dependence has become an important aspect of conservation in developing countries. As a result, several authors have called for a better understanding of drivers of forest dependence in order to manage it effectively [4] [20] .
Theoretically, forest resource dependence has been conceptualized as a multifaceted construct with multiple temporal and spatial dimensions [15] . For example, forest use results in multiple forms of commercial exploitation, recreational services, harvests of NTFPs, and subsistence livelihoods [15] . These forms of dependence operate and react differently at multiple levels-regional, national, community, household and individual [15] . The implication for multiple forms of forest dependence on these different levels is that forms of forest dependence and the unit of analysis have to be clearly defined to avoid ambiguity. Reference [10] proposed a conceptual framework for assessing the link between livelihoods and conservation from which forest dependence can be understood. In Salafsky and Wollenberg's framework, forest dependence can be viewed through multiple dimensions of livelihood dependence on species, on forest habitat resources, as well as space and time of use [10] . In the model of forest dependence hypothesized in this study (see Figure 1) , we limit forest dependence to animal species and habitat resources dependence because they are regarded as primary dimensions in the Salafsky and Wollenburg framework [10] , and are key indicators of biodiversity loss in developing countries [5] [43] . Indicators of forest dependence can be seen in multiple forms. For example, the poor residents who depend on forests for subsistence livelihoods engage in activities such as bush meat hunting as well as forestland encroachment for farming [44] [45] . Other subsistence-based forest activities of poor residents who live in proximity to forests include harvests of NTFPs such as fuel wood, non-wood, and wood construction and handicraft-making materials and traditional medicine [13] . Evidence also exists that tropical forests are common sources of honey and water [46] . In this paper, we use the forest dependence indicators identified in the HPFD Index as valid measures of forest dependence at VNP.
Poverty and the Forest Dependence Relationship
The relationship between poverty and forest dependence has been extensively explored [ [11] . From these studies, there is evidence to suggest that a correlation exists between poverty and human forest dependence behavior, which, in turn, results in biodiversity loss [4] [9] [17] [18] . It is also believed that alleviation of poverty reduces the degradation of biodiversity [7] . In fact, reference [9] refers to this as the "vicious cycle of poverty and environment relationship".
Forest dependence among the poor in developing countries is commonly attributed to limitations, such as farmland scarcity and fragmentation, poor productivity of land as soil quality declines, and a lack of alternative sources of livelihood [18] . In some cases, economically enabled individuals are also known to influence forest dependence through fiscal, and political power [2] [25] . This is common when interests in forest resources are of commercial value. In resource deficient and highly populated developing countries, especially in Africa, forest dependence is largely driven by the subsistence livelihood needs [11] [47] . In a study done by Masozera and Alavalapati [4] , for example, rural poverty was found to highly influence forest dependence at Nyungwe National Park in Rwanda.
Despite the significant efforts made in both theory and practice, the link between poverty and forest dependence is still unclear [13] . One of the reasons for this is the poor understanding and conceptualization of poverty as a multidimensional phenomenon. Attempts to address this gap have led to the adaptation of the SL approach to establish the linkage between poverty and forest dependence [3] [5] . SL has been widely used to understand the relationship between poverty and biodiversity conservation, because it adds non-material aspects of a household's or an individual's wellbeing to the poverty definition [3] [12] [13] . In fact, reference [13] posits that managing biodiversity conservation effectively requires paying close attention to the livelihoods of residents in areas neighboring the forest areas.
It must be understood, however, that the effect of household livelihoods on forest dependence varies. To understand the relationship between poverty and forest dependence and in recognition of the existing gaps in literature, we must assess how different dimensions of poor household livelihoods influence or interact to influence forest dependence [10] . To do this effectively, we must systematically define, measure, and provide direct linkages between poverty and forest dependence [10] . Using SL framework, a model of the poverty and forest dependence relationship is hypothesized in Figure 1 . Conceptually, it is designed as a Multiple Indicator and Multiple Causes (MIMIC) model for identification purposes, given the formative nature of livelihood indicators [48] [49]. Primarily however, a MIMIC model allows a clear view of the direct causal effect of each dimension of household poverty and each dimension of forest dependence.
Methodology
Research Design
This study was done in three phases following an exploratory sequential mixed methods design [50] . Phase one was carried out in September 2012, and it involved an exploratory evaluation of perceptions of key stakeholders including local residents with access to tourism benefits, local residents without access to benefits and park officials. The aim of this phase was mainly to explore using focus group interviews, the meaning of poverty and forest dependence from the local context. The results from the focus group interviews were then used to inform the design of phase two and to interpret phase three results. In phase two, a survey was done in April 2013 to validate the HPFD Index. The validated measures of the HPFD Index were then used to design an instrument that was administered in phase three during the months of June and July 2013. This survey was intended to use the HPFD Index to evaluate the relationship between household poverty and forest dependence relationship, which is the focus of this paper [50] .
Participant Selection
The target population of this study was the local residents in absolute poverty, whose households neighbor VNP. In Rwanda, poverty is classified into three categories-poverty, extreme poverty and absolute poverty [51] . The latter is the lowest categorization of poverty, where a household has no land or whose land is insufficient to meet the basic livelihood needs and relies on farm wage work to maintain a living [51] . The sample selection of participants was narrowed from all the households in absolute poverty adjacent to the park to only those in Kinigi sector. Kinigi sector was selected out of four administrative sectors neighboring the park because it has higher incidences of illegal forest resource use activities at VNP. The selection of participants was limited to four administrative cells in Kinigi sector that are adjacent to the park including Nyabigoma, Nyonirima, Kaguhu, and Bisoke cells. From each cell, a list of extremely poor household heads in the respective cells was obtained from local leaders, who have all community residents classified according to their social-economic status. Four lists were labeled, combined and numbered to form a sampling frame for this study. Following the suggestion of Dillman and colleagues, a systematic random sampling was used to select participants from the sampling frame using a random interval of 4 [52] . A sample of 322 participants was finally selected to participate in this study.
Instrument Design, Pretesting and Data Collection
The instrument used in this study was developed from the phase two validated HPFD Index presented in Table  1 . Following DeVellis' guidelines for writing clear and unambiguous indicator statements, measurement indicators making up the HPFD Index were rewritten in clear and concise belief statements that local residents could understand [53] . For each belief statement representing a measurement indicator, a response format was created using a seven-point Likert scale where 1 represented Strongly Disagree and 7 represented Strongly Agree. The developed instrument was pretested on a group of 10 residents who were in the same category as the targeted participants. A few indicators were rewritten to address the uncertainty that was observed during pretesting. The instrument was implemented with the support of 10 assistants who reside in the same area. These assistants were trained and practiced using mock interviews among themselves to ensure that they all understood the content and potential problems they might encounter during interviews. The use of interviewers in data collection was selected as the most effective approach because most participants cannot read and write.
Use of interviewers in data collection allowed maximization of response rates, enabled the clarification of questions, and assured confidentiality for participants. However, the interviewer-administered approach to a survey has the potential for interviewer bias [54] . To manage such potential bias, three steps were taken, following reference [52] guidelines. First, an interview protocol was developed to guide interviewers in data collection. This protocol was one of the tools used during interviewer training and the instrument pretesting exercise, and also served as a reference document during data collection. Second, interviewers were trained before the survey. Following their training, an instrument pretesting exercise allowed the researcher to select assistants who exhibited a good understanding of required tasks and aptitude to be able make good judgments. Third, the researcher closely worked with interviewers during the survey and monitored them during interviews. Additionally, completed instruments were reviewed overnight to identify anomalies that could be discussed the next day of data collection in order to limit recurrence. 
Validated measures of multiple dimensions of poverty and forest dependence constructs
Economic insecurity dimension of poverty 1. We don't have livestock assets in our household 2. Our land is no longer productive 3. Our agricultural yield is not sufficient because of crop-raiding by animals from the park 4. We don't have skills in our household to create jobs Food insecurity dimension of poverty 5. We regularly don't eat food we prefer in our household 6. We regularly don't eat enough food for everyone in our household 7. We regularly don't eat three times in a day 8. The annual food production for our household is insufficient Health insecurity dimension of poverty 9. Health care facilities are far from our household 10. We don't have money to pay for the national health insurance plan * We do not have access to clean water for use in our household Education insecurity dimension of poverty 11. Adults in our household cannot read and write 12. Our children do not study because they don't have the required scholastic materials 13. Our children do not study because they don't have food at home Dependence on animal species 14. Some people in our community go to the park to hunt animals for bush-meat to feed their families 15. Some people in our community go to the park to hunt animals for bush-meat to sell and earn income * Some people in our community go to the park to hunt animals for bush-meat for medicinal use in our home Dependence on forest habitat resources 16 . Some people in our community go to the park to collect bamboo for household use 17. Some people in our community go to the park to collect bamboo for sell and earn income 18. Some people in our community go to the park to collect wood for crop support in their agricultural fields 19. Some people in our community go to the park to collect honey 20. Some people in our community go to the park to collect handicraft-making materials Note: Each statement was measured on a seven-point Likert response scale, where 1 represents Strongly Disagree and 7 represents Strongly Agree. * Statements with an asterisk were added to the Index for variable identification purposes [55] .
Data Analysis
Data analysis for the household poverty and forest dependence construct relationship was done in two stages of pre-analysis and model testing. The pre-analysis stage was aimed at stabilizing parameter estimates, and involved data screening using the SPSS software package to identify outlier effects and assessment of univariate and multivariate normality assumptions [56] . Missing values that are normally of concern at this stage, were not in this study because the instrument was interviewer-administered, which enabled full survey completion. Five cases were excluded from the analysis because they were found to be extreme multivariate outliers [56] . Upon data cleanup and stabilization, a total of 317 usable cases (samples) were then employed, through a Structural Equation Modeling process, for the hypothesized measurement model testing and to examine coefficients of the hypothesized causal and direct effect construct relationships [56] . The model testing was run in the EQS software (version 6.2) using CFA for measurement and structural modeling [55] .
The CFA was used as a measurement model to determine the level of relationships and covariances in the poverty and forest dependence construct relationships [55] . CFA was also used to identify interrelationships between measured scales and latent constructs [56] . The Structural Equation Modeling procedure in this study therefore followed the recommended steps of model specification and estimation, testing model fit, and modification [55] [56]. Model estimation was performed using the Maximum Likelihood (ML) parameter estimation method [55] . The aim of using ML model estimation was to be able to observe the level of discrepancy shown by residuals between sample and population covariances implied by the hypothesized model [55] . Following review of residuals in covariance matrices for evidence of model misspecification [55] 
Results
Sample Description
Gender, age, marital status, primary education attainment, income, livestock asset ownership, shelter availability and status, farmland ownership, and number of children in a household and their school attendance measured the characteristics of the sample. Using nominal scale responses, participants were asked to select a scale that best fit their response. A summary of demographic information on this sample is provided in Table 2 . Demographic results, in brief, shows that a majority of participants were married (>93%), under the age of 30 years with about 4 children per household. A little over 18 percent of the sample had between 5 and 9 children in each household. Over 60 percent were women and more than 75 percent of participants had no basic primary education. The level of poverty was high among participants, as indicated in the 
Dimensions of Household Poverty Perceived to Influence Forest Dependence at VNP
Confirmatory Factor Analysis was used to statistically assess the hypothesized measurement model presented in Figure 1 . Goodness of fit for the model was examined to ensure that the hypothesized model was acceptable and consistent with sample data [56] . The initial assessment showed an indication of some degree of misfit in the hypothesized model, as CFI and RMSEA values were in the lower bounds of the plausible range of model fitness (CFI = 0.902, RMSEA = 0.08). To detect the potential source of misfit, LM Test results were examined to identify univariately the misfitting parameters with a sharp drop in Chi-square [55] . Following univariate test results, error covariances between harvests for crop support wood and harvests of bamboo wood for subsistence use, hunting bush meat for medicinal use and hunting bush meat for subsistence use, as well as between harvests of bamboo wood for subsistence use and hunting bush meat for income were specified. The model was re-estimated and indicated plausible fit (CFI = 0.95, RMSEA = 0.058).
Following the examination of model fitness, the hypothesized structural relationships were examined and the results are presented in Table 3 . They indicate that food insecurity (H1a; β = 0.190, p < 0.05; H1b; β = 0.297, p < 0.05) and health insecurity (H2a; β = 0.187, p < 0.05; H2b; β = 0.264, p < 0.05) are two household poverty dimensions that influence both forest dependence dimensions of dependence on animal species and dependence on forest resources. Results also demonstrate that both education insecurity (H3a; β = 0.234, p > 0.05; H3b; β = 0.092, p > 0.05) and economic insecurity (H4a; β = −0.924, p > 0.05; H4b; β = −0.844, p > 0.05) do not significantly influence either forest dependence dimensions. Table 4 ).
H1a. Forest insecurity has a significant influence on
Results of the hypothesis testing for the relationship between household poverty and forest dependence in Table 3 above were based on direct effects. However, there is evidence that without a closer examination of indirect effects, understanding the relationship under investigation may be limited [56] . Conversely, indirect parameter effects associated with each measure of the four household poverty dimensions were examined to identify measures with significant indirect relationships with forest dependence.
Results in Table 3 indicate quantifiable measures of the four household poverty dimensions with potential to influence indirectly both forest dependence dimensions. As seen earlier, only two dimensions of household poverty (food and health insecurity) were found to have a direct influence on forest dependence, as indicated in Table 3 . However, a closer examination of indirect effects in Table 4 , reveals that two of the measures for the education insecurity construct (high adult illiteracy and limited access to scholastic materials for children from poor households) may also indirectly contribute to forest dependence. Additionally, results also indicate two quantifiable measures of food insecurity (insufficient annual production of food and skipping meals frequently) and two measures of health insecurity (inability to access healthcare centers and unavailability of clean water) significantly influence dependence on forest animals and resources for livelihoods among poor households neighboring VNP. Interestingly, the economic insecurity dimension of Household Poverty was not found to either directly or indirectly influence forest dependence at VNP, contrary to what is commonly believed locally.
From the above analysis, a structural model with the significant relationships was run to identify how each of the indicators-food insecurity, health insecurity and education insecurity-directly affect forest dependence dimensions as well as their indirect effects on the individual measures of both forest dependence dimensions obtained from the HPFD index. Results presented earlier reveal that the food insecurity, health insecurity and education insecurity influence forest dependence. When the indirect effects of household poverty on individual forest dependence indicators are examined, results presented in Table 4 reveal that food insecurity is the main cause of forest dependence, and this effect is attributed to both insufficient annual food production and the high frequency of skipping meals that are common among the poor households neighboring VNP. Additionally, results reveal that difficulty in accessing health care and high adult illiteracy rate are also among the key attributes of poverty that drives forest dependence among poor households neighboring VNP. 
Household Poverty Dimensions with Greater Influence on Forest Dependence
To determine the household dimensions with greater influence on forest dependence, the structural model (Figure 2) was used as a baseline model to test for invariance of mean structures between each of the quantifiable measures of food insecurity, health insecurity, and education insecurity, and forest dependence constructs they were hypothesized to predict. The model was estimated and produced a good fit (CFI = 0.985; RMSEA = 0.045). Following the guidelines for testing invariance of mean structures, a fully constrained model was estimated, and direct relationships between six measures of each dimension of household poverty and forest dependence were fixed to equivalence [55] [56] . To test for invariance, change in Santora-Bentler Chi-square was examined along with the change in CFI as indicated in Table 5 . The consideration of the change in CFI was based on the rationale that the sole use of change in Santora-Bentler Chi-square to evaluate invariance is impractical and should be considered along with change in CFI [55] . Both models were compared and the results presented in Table 5 reveal noninvariance (ΔS-Bχ2 30.857; Δdf = 10; p < 0.01). However consideration of change in Santora-Bentler Chi-square can be misleading [55] . When change in CFI is considered, results show the evidence of equivalence with a minimal change in CFI of 0.008, which is below the proposed level (ΔCFI > 0.01) for noninvariance [55] . Therefore, these results confirm that food insecurity, health insecurity, and education insecurity have equal effect on forest dependence and none of them has a greater influence or effect on either forest dependence dimensions. 
Discussion
This study was conducted to determine the dimensions of household poverty perceived to influence forest dependence among poor residents neighboring VNP. The findings reveal that forest dependence at VNP is influenced primarily by food insecurity and health insecurity. It was also revealed that education insecurity in poor households contributes to forest dependent behavior, due to the high adult illiteracy rate and lack of scholastic materials that limit school attendance or leads to dropping out. The findings also reveal that insufficient annual food production and high frequency of meal skipping are primary indicators of food insecurity among the poor households neighboring VNP. Health insecurity, on the other hand, is primarily exposed by poor access to clean water and health care services. The findings on health and education security risks and their influence on forest dependency are in keeping with the SL premise that poverty should not only be viewed from an asset and in-come perspective, but also the capability of the household to meet and maintain wellbeing is equally important in understanding poverty and its impact [21] [39].
The key findings and contribution of this study are three-fold. First, this study provides an empirical justification for the importance of health and education in the debate on the relationship between poverty, forest dependence and biodiversity conservation, factors which have not been previously given due attention. Second, economic security of income and assets do not have a significant influence on forest dependence at VNP. This is surprising and in disagreement with current hypothesis in biodiversity conservation literature that argues that forest dependence is primarily a function of household income and asset needs [11] [12] [18] [58] . This finding questions the "asset poverty" concept in assessing the link between poverty and forest dependence [11] [12] [20] and supports the "welfare poverty" idea that is emerging, which views poverty from its structural context beyond income and assets [2] [6] [7] [9]. It reveals that there is more to poverty than income, employment, and household assets in its relationship with forest dependence. This could point to why most income and asset based interventions in the form of ICDPs have misdiagnosed the causes of biodiversity loss, which, as is evident in the literature, has led to failure [31] - [34] .
Third, the finding that there is no difference on how food security, health security, and education security risks affect forest dependence is also surprising. While food security risks have featured prominently in poverty and forest dependence studies as part of the income and asset hypothesis [11] [12] [58] , health and education risks have not. Yet, human health and education risks are considered as significant drivers of poverty in the development arena. In fact, they are both key components of international frameworks for sustainable development, such as the United Nations sustainable development Agenda 21 [59] , and Millennium Development Goals [38] [60] [61] . Their absence or at least abstract consideration of health and education security risks in the poverty and forest dependence debate is surprising [17] . For example, the second goal of the MDG is to have all children in developing countries complete universal education by 2015 [38] . In fact, the MDG goals are predominantly focused on addressing human health challenges such as malaria, HIV Aids, child mortality and maternal health [61] . Agenda 21 also stipulates that for sustainable development to be achieved, primary human needs must be addressed [59] . Existence of such an international development policy framework is a demonstration of the global recognition of human health and education security risks as constraints to poverty mitigation and sustainable development efforts. While these livelihood security risks appear in the development debate, they are missing in the biodiversity conservation discourse [17] .
Evidence exists that without education, the chances for a household to overcome poverty are limited, and the implications for wildlife are significant [7] [38] . Demographic results presented in Table 2 , show that over 62 percent of children from poor households neighbor the park do not attend school. This poses a forest dependence and conservation concern for VNP in the light of the findings of the effect of education security risks on forest dependence. Most developing countries have introduced universal primary education and used net enrollment to justify the MDG targets [38] . However, constraints such as lack of scholastic materials observed in this study remain unnoticed, leading to high dropout rates among the poor, which drives them further into poverty. Evidence exists for a lack of scholastic materials as a significant education security risk [38] [61] .
Proliferation of such education security risks not only worsens an already existing poverty situation, but also creates even a larger forest dependent constituency near wildlife areas. Therefore, practitioners involved in promoting wildlife conservation and the Rwandan government must put mechanisms in place to support keeping the poor children in school if school dropout rates and high adult illiteracy-both found to influence forest dependence-are to be overcome. For example, an education support system for poor households in areas neighboring the park could be set up and facilitated to identify and provide the educational materials that have been keeping children out of school. Evidence of perverse incentives such as children helping parents to earn a living rather than attend school, also exists in limiting children from poor households to attain education [38] . An education support system should investigate and address perverse incentives that may exist in addition to the creation of a scholastic materials support system. Since the creation of income-enabled and self-sufficient households is the only sustainable solution to livelihoods' security risks, including food, health and education, these efforts should only be seen as complementary measures that must go along with other poverty reduction measures [38] .
The findings on the health risks as drivers of forest dependence point to a situation of constraints on human wellbeing and productivity among the poor that is well framed within the international development policies, but still affects the poorest households. The challenge, however, remains that of implementation and monitoring of health risks that are still affecting the poorest residents. The proliferation of constraints on human health among most rural and poor perpetuates bad health, hunger and poverty [38] . The implications of these outcomes for natural resources use and conservation are dire and need to be explored to maintain the integrity and wellbeing of both the poor and the wildlife. In the recent past, integrated development and conservation programs have appeared to combine human needs into conservation strategies [32] . However most of these ICDPs have concentrated on income and consumption aspects of poverty, ignoring other dimensions of poverty such as health security risks and their implications for biodiversity conservation. The key problems with ICDPs, as reference [10] point out, is that they have not been linked conceptually to their conservation impacts. The findings of this study are a demonstration of the importance and need to explore and consider links between human health and forest dependence. The recent emergence of integrated Population, Health, and Environment (PHE) programs in biodiversity rich but poor countries provide hope [62] . Practitioners and policy makers at VNP and those involved in the ICDP in developing countries should tap into such PHE ideas and devise public health programs that provide the poorest households neighboring the forest areas with access to clean water and health care services.
The finding on food insecurity as a key driver of forest dependence also corroborates exploratory findings on the causes of forest dependence from a park management perspective. In addition, the finding of food insecurity as a driver of forest dependence in this study supports existing literature that forest dependence is a function of these households' need for resources to meet their subsistence needs [4] [18] [63] . Evidence exists that a household's access to food is determined by its means to produce, purchase, and gather food [64] . The food insecurity finding, therefore, is not surprising because first, most poor households (60 percent of the sample) near the park do not own land (see Table 2 ). For those with land, the production and livelihood means of poor households neighboring VNP are severely compromised by animal crop raiding. The only option left is to gather food from the park.
To address food insecurity associated with forest dependence problems at VNP, the park management and government policy makers need to understand the local conditions creating it. First, the crop-raiding problem and its impact on poor households needs to be specifically targeted and addressed because crop-raiding remains one of the key factor in human-wildlife conflicts [65] [66] . In Tanzania, for example, crop raiding was found to be a key source of human-wildlife conflict that resulted in a food security problem in Doma and Mukumi villages [6] . While the ongoing efforts to fence the park have appeared effective elsewhere [67] , they do not provide a long-term solution [65] [66] . Various remedies to the crop-raiding problem, such as a change in cropping patterns, compensation, night vigils, fences and barriers, and introduction of non-edible crops have been proposed in the literature [6] [40] . While animal crop raiding compensation seems to be preferred [66] [68] , it feeds into a complicated debate on compensation as a right or as consolation [6] . Ideally, a more long-term solution includes trust and confidence building through communication and partnerships with the most affected group of residents, the poor households, to enable a situation of improved tolerance for wildlife [6] [40] [65] [66] . Thus, animal crop raiding compensation should not be viewed as a right, but as a consolation because of the expectation it raises if it is viewed as a right, and the potential associated management problems it might create in poor communities. Additionally, efforts should be made to devise crop-raiding co-management strategies with the poor and most vulnerable households [6] [68] [69] .
Second, the use and productivity of farmland owned by poor households must be improved to increase annual productivity. For example, poor and vulnerable households must be supported to invest in coping strategies aimed at improving agricultural productivity such as soil conservation and land use changes that create variations in cropping patterns [70] [71] . Third, for poor households without land, efforts must be made to identify and facilitate them to form and work in agricultural farming cooperatives. Such cooperatives can be supported to purchase land from which they can produce for their consumption needs and generate income. Such successful models of community self-sufficiency programs exist elsewhere [72] . For example in Luangwa Valley in Zambia, food insecure households were identified and trained in sustainable agricultural practices, which not only enabled them to meet their food needs but also allowed them to generate income from surplus produce sold to markets they were facilitated to access [72] . Borrowing from such business-based models promoting biodiversity conservation and community self-sufficiency has the potential to create a more sustainable solution to poverty and forest dependence [72] . However, efforts must be made at every stage of development of such conservation-oriented community agribusiness initiatives to build and maintain a documentation and monitoring mechanism to keep track of the biodiversity conservation link and to allow an evidence-based case to emerge and be replicated [14] .
Conclusion and Recommendations
The main aim of this study was to identify household poverty dimensions that influence forest dependence among poor residents in proximity to the boundary of VNP. This was done in response to practitioners' concerns regarding biodiversity loss attributed to forest dependence at VNP. In addition, this study was a response to the calls in literature to identify linkages between biodiversity loss and poverty [17] [38] . The findings identified food, health, and education security risks to be the drivers of forest dependence among poor households neighboring VNP. Livelihoods' security risks associated with these three poverty dimensions include; insufficient annual production of food, high frequency of skipping meals in a day, poor access to clean water and health care services, high rate of children dropping out of school due to lack of educational materials, and high adult illiteracy among these poor households. These empirical findings place the SL framework at the center of the ongoing poverty and environmental debate in developing countries. As seen earlier in the paper, poverty is a complex phenomenon [16] .
One of the key findings of this paper is that there is no difference among the effects each of the three dimensions (health, education and food) of household poverty and forest dependence at VNP. There are a number of implications of this finding. First, it demonstrates to practitioners and policy makers that health and education security are as important as food security in the effort to address forest dependence at VNP and other developing countries dealing with biodiversity loss resulting from human dependence on forest resources. Second, it raises several questions that are of interest for future research. For example, how does lack of educational materials and adult illiteracy among poor households influence forest dependence and environmental degradation? How do health risks such as access to water and health care services influence forest dependence? To what extent do forest resources act as traps for health, education and food risks to neighboring poor households? How can health and education be integrated in the biodiversity conservation programs, and what are the policy and regulatory frameworks needed for this to happen? It would also be important to investigate if and why income, employment and other "asset poverty" indicators may not significantly influence forest dependence. Do economic security risks such as employment, income, and assets mediate the relationship between household poverty and forest dependence?
Three key recommendations have been made to address the study findings. First, food security risks should be addressed by facilitating poor landowners with coping strategies such as changing cropping patterns and improving soil fertility to improve their agricultural productivity. Additionally, the crop-raiding problem must be managed by incorporating co-management strategies between park officials and poor households affected by animal crop raids. This will not only help to find a permanent remedy but also create a strong foundation for tolerance among the crop raiding victims to reduce human-wildlife conflict and promote human-wildlife coexistence. Second, poor households neighboring VNP, who do not possess land, should be facilitated to form cooperatives and use them to own land and engage in agricultural production for subsistence needs with potential to generate income from surplus production.
In summary, this paper calls for a change in how poverty and forest dependence are viewed. It suggests that poverty must be perceived beyond traditional macroeconomic conditions and be viewed as a multidimensional phenomenon involving not just income and consumption variables but also health and education. Poverty's relationship to forest dependence and biodiversity loss both in practice and in theory must encompass this view. Until this happens, efforts to relate poverty to forest dependence and biodiversity loss will remain abstract.
